Social determinants of health can be understood as the social conditions in which individuals live and work; conditions that are shaped by the distribution of power, income and resources, as much on a global and national level as on a local level. Social determinants of cardiovascular diseases are found largely outside the healthcare and preventative healthcare systems; but it is important to think in terms of chains of cause and effect, which enable us to see these determinants at work within the system of curative and preventative care, including the management of traditional risk factors. Taking a dynamic perspective on these social determinants of health, and in particular viewing them in a biological and epidemiological context, emphasizes the fact that intervention as early in life as possible is desirable in order to prevent cardiovascular diseases. It is important to act early, before childhood adversities in these critical periods are permanently or irrevocably recorded in the body. In terms of behaviour, focussing health education on adults runs counter to the fact that, with age, it is increasingly difficult to change our behaviour and to overcome biological damage already inflicted. In an area where attention has long been focussed on individual risk factors, underlining the fact that these factors act from infancy allows us to highlight the collective influences on the development of these diseases. Reflecting on health determinants in this way suggests that perhaps the population strategy proposed by Geoffrey Rose may lead to an increase in social inequalities if the modest decrease in risk factors, for example in terms of nutrition, involves the population categories initially most privileged.
Social Determinants of Cardiovascular Diseases

ABSTRACT
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INTRODUCTION
The relationship between cardiovascular diseases (CVD) and risk factors such as high blood pressure, cholesterol, smoking, diabetes and physical inactivity has been the subject of extensive study, resulting in an abundance of literature. On the other hand, fewer studies have documented social determinants such as working conditions, housing, or social relationships. In this paper, we suggest that social determinants should not only be juxtaposed with traditional risk factors acting directly on CVD, but also be examined as underlying determinants of some CVDs, and, indeed, as factors acting along causal chains, influencing the incidence and management of traditional risk factors as well as the management of acute coronary events. The goal of this review is not to be exhaustive in discussing all social determinants of CVD, but to emphasise their variety as well as the mechanisms through which they act upon disease, in the light of recent works.
WHY SOCIAL DETERMINANTS HAVE EMERGED AND WHY THEY NEED TO BE EXPLORED
The broad mechanisms involved in the development of CVDs, including biological and behavioural risk factors, availability of treatments, and an overall fall in CVD rates in industrialised countries, are now well understood. Despite this, there are three issues that highlight the fact that it is essential we improve our knowledge of cardiovascular disease determinants: firstly, social inequalities in health have not disappeared over recent decades, in fact if anything they have increased; secondly, dramatic increases in CVD incidence have been observed after certain rapid social changes, such as in Eastern Europe in the nineties, after the fall of the Soviet Union; and finally, an increase in the incidence of CVD has been observed among some disadvantaged groups. 1 In France, where, as in many countries of the world, social inequalities in mortality are higher among men than women, a change has been observed in terms of cardiovascular mortality, with higher inequalities emerging among women than among men. 2 Changes in traditional risk factors do not explain this shift, which may actually be related to societal changes in the role of women at work.
SOCIAL DETERMINANTS OF HEALTH (SDH)
Social determinants of health (SDH) can be understood as the social conditions in which individuals live and work; conditions that are shaped by the distribution of power, income and resources, as much on a global and national level as on a local level. The study of these SDH is intended not only to demonstrate the impact of social context on health, but also the mechanisms via which these determinants act on health. This concept first arose in the seventies, when critics suggested that research and public policy should focus more on the societies within which individuals live than on the individuals themselves. It was a move away from a service provided to people when they were ill and towards a public health programme that would help them to stay healthy. SDH condition the physical, social, economic and personal resources an individual has available to them for meeting their needs and aspirations and adapting to their environment.
Although looking at SDH raises the issue of social inequalities in health, it is important to make a distinction between SDH and social determinants "of social inequalities" in health. Certain events and public policies may improve the average state of health of a population whilst at the same time increasing social inequalities in health. There are many examples of this, often related to the introduction of innovative or preventative actions that result in increased inequality.
The purpose of this review is not to discuss the matter exhaustively, but to highlight several characteristics that are easily overlooked when it comes to CVDs, which are quite clearly diseases related not only to the physical and chemical environment but also to the social and economic one. In fact, the vast majority of studies into the link between health and psychosocial factors have been carried out in relation to CVD.
Whilst the question of SDH does not come down simply to social inequalities in health, the latter do demonstrate the shortcomings of a concept of health based on care provided, and on the individual isolated from their social or societal context.
The Ottawa charter for health promotion, which is widely cited, emphasises that the prerequisites for health are peace, shelter, education, food, income, a stable ecosystem and sustainable resources, social justice and equity. This charter is therefore more ambitious than it is usually presented as being, and includes factors that we refer to here as SDH. The best understanding of SDH involves a dynamic concept of their influences throughout life. 3 In the same way that the idea of following causal chains from birth to adulthood has become progressively obvious, it also applies to cross-sectional and synchronic analysis. This method of considering "causes" is fundamental in the domain of SDH. According to Helman, "the idea of cause has become meaningless other than as a convenient designation for the point in the chain of event sequences at which intervention is most practical". 4 We have to bear in mind that every risk factor is a link in a chain that we can sometimes, but not always, piece together from end to end. The biological "downstream" effects of risk factors are accepted and integrated. But the notion that there is an "upstream" cause in this causal chain is examined much less often. For example, the various SDH are not limited to the personality of an adolescent who starts to smoke, but integrate that adolescent's behaviour within a wider social, economic and societal context. These causal chains may link back to what we consider "fundamental" causes, which we find at the origin of many diseases or behaviours. These fundamental causes include factors such as social environment during infancy, level of education, income, economic and social policies, and education policies.
A scientific debate separates those who believe that psychosocial mechanisms are key, who accord importance to perceptions and social relationships, and those who insist on the importance of "objective", material conditions. 5, 6 The materialist hypothesis accords a predominant role to material conditions and their consequences on health. The approach concentrates on access to water, food, and chemical and physical exposure. Under this hypothesis, the "health behaviour" of an individual is considered more to be the product of social structures than a matter of individual responsibility. On the other hand, the psychosocial explanation postulates that material conditions have less influence on health than the psychological "stress" associated with the perception of a socioeconomic disadvantage (in developed societies, at any rate). According to Wilkinson, for example, cited in Leclerc, income does not necessary enable access to physical and material goods, but does indicate social status. 7 The vast majority of work looking at the link between health and psychosocial factors has been carried out in the domains of CVD and mental health.
However, the two approaches, psychosocial and materialist, are not conflicting ones. In 2007, working conditions for employees and labourers in France were characterised by physically strenuous work and exposure to harmful physical and chemical factors, all of which are considered material factors. At the same time, studies on workplace organisation have demonstrated the importance of psychosocial explanations (e.g., such as the effort-reward imbalance model), which should not be considered as individual factors: we must understand how a workplace structure, which can be adjusted, translates into individual experience.
SOCIAL DETERMINANTS: WHAT ARE THE KEY FACTORS?
The relationship between social determinants and CVD has been observed in many studies. 8 We will focus on some main categories of social determinants of CVD: professional context (working conditions and access to a job), social relationships and isolation, geographic environment and "ethnicity". Social determinants have been shown to be related to various CVDs in various ways. Indeed, from an epidemiological point of view, psychological stress has been linked to the development of cardiovascular risk factors such as hypertension and atherosclerosis. Self-perceived stress, as well as stress-related measures such as sense of coherence, have also been associated with stroke.
9,10
WORK
In 2004, a large international case-control study (Interheart) was carried out in 52 countries on nearly 25,000 people. It estimated that "permanent stress" doubled the risk of myocardial infarction. These results were added to the numerous studies that, for over a decade, have indicated that exposure to chronic stress is a predictor of cardiovascular mortality and morbidity. Adverse psychosocial conditions, including work stress, were associated with a mean 2.7 increased risk of myocardial infarction and contributed to 35 percent of the population attributable risk.
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It is important to note that the term "stress" is inappropriate and ambiguous. Stress is a psychological reaction to a stressing agent, either acute or chronic. In the case of "work-related stress", our knowledge has increased since epidemiologists have been able to define certain types of workplace organisational structure liable to generate chronic stress, and, from these situations, to construct validated measurement instruments. Two principal models, from validated questionnaires, allow us to quantify exposure to these pressures. The first of these, Karasek's questionnaire, starts from the hypothesis that a high job-strain situation is characterised by a large workload combined with a low-level of employee control in deciding how to carry out this work, organise their time and use their skills. The employee is subject to an imposed rhythm and does not make decisions about their work. The other model used (Siegrist), 12 postulates that a job is characterised by effort, work intensity and personal investment, on the one hand, and professional, social and financial recognition on the other. These two models are independent and may be combined. They show, with great coherence, the impact that stress related to the working environment has on cardiovascular health, increasing risk by two to three times.
A recent study presents additional arguments in favour of the causality of this relationship and suggests that several mechanisms are involved. 13 In this study, unfavourable working conditions were measured using the "job strain questionnaire" (Karasek's questionnaire). The results of this analysis of the Whitehall II study confirm this association and note, for the first time, a dose-effect relationship between exposure to job strain and the onset of coronary heart disease: the longer the period of exposure, the higher the incidence (+40% for one period of exposure, +68% for two periods). This relationship is most evident in middle-aged employees, a fact which may be linked to the effects of workers in bad health leaving work. These results were adjusted for age, sex, employment grade, hypertension, total cholesterol and smoking. The prospective nature of the study, the coherence with other studies and the dose-effect relationship are strong arguments in favour of causality.
The other outcome of this study was an understanding of the mechanisms at work: behavioural changes, metabolic syndrome and the role of cortisol and the sympathetic nervous system. Health behaviours (e.g., low-levels of physical activity and poor eating habits) and metabolic syndrome explain around 32 percent of the effect of job stress on the incidence of coronary heart disease. The relative risk of metabolic syndrome is 1.33 for one exposure period to job stress and 1.72 for a double exposure period, indicating a dose-effect relationship. In the last cross-sectional analysis, therefore without causality, an association was found between job strain and a morning rise in cortisol levels. The link between job stress and heartrate variability suggests that stress at work leads to sympathetic mechanisms and electrical instability of the heart. This study reminds us of the need to define the elements of workplace organisation that put an individual in a situation in which they may develop "chronic stress" and reinforces the causal link with new arguments, in particular the dose-effect relationship. Lastly, it notes that there are multiple mechanisms at work, acting directly at a biological level or indirectly via health behaviour. Work is clearly a factor, but the extent of the part it plays in all types of coronary heart disease (CHD) is still to be determined.
Other studies looking at healthcare professions illustrate the influence of the working environment on the health of these professionals. In the hospital sector, psychosocial constraints at the workplace have increased during the last two decades due to changes in workplace organization. 14 These psychosocial constraints have been shown to be linked to cardiovascular diseases. 12, 15 In a study of 3,837 hospital workers (ORSOSA), higher systolic blood pressure and to a lesser degree diastolic blood pressure, were found to be associated with poor relationships within the team, in nurses as well as in nursing assistants. 16 This is consistent with reports showing that conflict may lead to a higher incidence of coronary heart diseases. 17 It is also in keeping with a study showing that difficulties and conflict with a supervisor may be related to high blood pressure. 16 Negative social interactions were found to be related to higher blood pressure levels, whereas, among men, at any rate, having supportive co-workers had the inverse effect.
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UNEMPLOYMENT AND JOB INSTABILITY
The high mortality rate of the unemployed compared with those engaging in a professional activity is only partially explained by selection effects. An unstable situation, whether it involves unemployment or the fear of losing a job, has various effects on cardiovascular health. These effects may also impact those in other types of unstable employment, such as fixed-term contracts, involuntary part-time work, seasonal work and internships. Restructuring operations have consequences not only on the individuals who find themselves unemployed, but also on the "survivors". Between 1993 and 2000, during a period of rapid growth in unemployment in Finland, cardiovascular mortality within companies in four towns increased by 50 percent where staff reductions of eight to 18 percent were made, and by 100 percent where the reduction was over 18 percent, compared with companies where no staff cuts were made. Selection effects linked to health were excluded. 19 So why are work-related risk factors so poorly acknowledged? CVD may occur a long time after exposure has ceased; multiple factors may be involved and the link is only a probable one. Many employees who suffer a myocardial infarction will have other risk factors (such as smoking and high cholesterol), and it can then be tempting to focus on those individual risk factors, overlooking the effect of work. In the long term, the strategy for preventing CVD should not only be designed to be applied "within" the family and professional environment, but "upon" this environment, on the individual and their reactions. "Stress management" courses should be offered to employees. This is really an issue of the interaction between an employee and their environment.
SOCIAL ISOLATION
Social isolation considerably increases the risk of death due to myocardial infarction. Increased overall and cardiovascular mortality rates have been observed where no social support network exists, more consistently in men than in women. 7 This data on the effect of social relationships on overall and cardiovascular mortality rates has been confirmed by a recent metaanalysis. The association is more or less marked according to the social relationship measurement. The odds-ratio is higher for complex measurements of social integration than for binary measurements (living alone versus other arrangements). 20 Multiple mechanisms are suggested, involving instrumental support (money and other help), emotional support, encouragement to access medical and preventative care, and a direct neurohormonal effect. Social networks, depending on the number of social contacts, friends, family members, work colleagues or neighbours an individual has and the social support that they can provide, have both a material and psychosocial impact, since their support may involve not only communication and emotional support, but also material or financial assistance.
GEOGRAPHICAL LOCATION
Links between CVD, mortality or hospitalisations, and short and long term fluctuation in atmospheric pollution relate not only to particulate matter, but also to ozone, carbon monoxide, nitrogen dioxide and sulphur dioxide. 21 However, the distribution of populations with regard to pollution is not random. Due to property prices, populations of a low socioeconomic status (SES) are more exposed to pollution. 22 A Canadian cohort study confirms that exposure to environmental pollutants and traffic pollution explains, at least in part, the social gradient in health that has been observed. 23 Cardiovascular risks, in particular an increased risk of myocardial infarction in the short term associated with low temperatures, have been welldocumented. 24 Being able to heat the home, the quality of the insulation and therefore the temperature inside the home seem to play a major role. A British study suggests that green spaces also have a beneficial effect. The inequality gradient was reduced by the presence of green spaces, even after stratification based on the area's level of deprivation.
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DISCRIMINATION AND ETHNICITY
In France, questions of ethnicity in national statistics spark lively debate. It is worth defining ethnicity as a complex and changing social phenomenon that involves imposed categories as well as self-assigned identity. The majority of immigrants and their descendants belong to disadvantaged social categories. The issue is whether various types of discrimination, related to skin-colour, place of birth or surname, may have a detrimental effect on health beyond that of their social group (e.g., education and profession) and material quality of life. Epidemiological indicators must specify the different types of discrimination encountered, and distinguish discrimination perceived individually versus that perceived by the group, and the fear of discrimination versus actual discrimination.
Such data do exist in Britain. The 1999 Health Survey for England found that "the highest prevalence of [Ischaemic heart disease or stroke] among men's age groups was found among Indian men aged 55 and over". 26 Hypertension amongst ethnic minority groups was, on the whole, lower than for the majority population, except for Caribbean respondents who showed an age standardised relative risk of 1.79 for women, and 1.47 for both men and women. 27 However, a social-class gradient is seen in most of the health and disease examples cited above. Using various indicators of SES, "those in poorer socio-economic groups had poorer health in each ethnic group" in terms of heart disease, hypertension, diabetes, respiratory illnesses and health behaviours. SES is thus an important predictor of health within ethnic groups. 25 A United States review of published works shows a link between hypertension and institutional racism. 28 It would be helpful to undertake similar studies on discrimination in more European countries.
TRADITIONAL RISK FACTORS
The extent to which socioeconomic inequalities in health are explained by traditional risk factors, in particular smoking and obesity, varies considerably between studies and countries. In the Whitehall II cohort, for example, the proportion of the association is 75 percent, but it is only 19 percent in the GAZEL cohort, using comparable methods. 29 In this study, the association described between low SES and health behaviours relates to smoking, heavy alcohol consumption, an unhealthy diet and physical inactivity. Certain authors have underlined the fact that if traditional risk factors did not account for the entire social gradient of cardiovascular mortality, prevention strategies against these traditional factors implemented in the disadvantaged groups would not reduce inequalities. This does not take into account the social distribution of these risk factors and the causes that explain their high prevalence and low-levels of care, two observations linked to social determinants. The social stratification of these behaviours and their grounding in societies and cultures has been presented in many studies. 7, 30 Analysis of "individual" behaviour therefore reflects not only a social environment but also a personal and collective history.
Understanding lay perceptions of these diseases and their risk factors is an important step in determining the optimal effectiveness of a public health campaign. Knowledge of risk factors is also likely to influence a patient's initial contact and compliance with primary care. Studies have shown differing levels of awareness or knowledge of the main risk factors in populations worldwide (hypertension, smoking and diet), as well as citing non-established risk factors. It is worth debating whether campaigns to increase public awareness and information passed on by practitioners should be based purely on biomedical evidence, and to what extent messages need to be adapted to specific socio-cultural settings.
31
HEALTHCARE SYSTEM
It may seem strange to include healthcare systems as SDH, especially since their central role among SDH has been readily challenged in epidemiological literature. Two key points deserve to be mentioned here that underline the benefit of this approach. Even though the role of the healthcare system is not a central one in terms of mortality, this is probably not the case in other aspects of health, such as quality of life, dependency, or even perceived health. Above all, by considering the healthcare system as an SDH we emphasize the system's role as an intermediary between health and the most fundamental causes of disease. It has been suggested that inequalities within the health system should be categorised either as inequalities by construction, meaning that the organisation of the system creates inequalities, or by "omission" meaning that the problem is overlooked.
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Inequalities by Construction
It has been shown, to some extent, that access to healthcare explains the link between SES and CHD. 32, 33 Clinical decision rules that rely on risk assessment using traditional cardiovascular risk models may be an example of how differences in access to healthcare could exacerbate social inequalities. 34 Some guidelines suggest that the decision to start drug therapy for mild hypertension or mild hypercholesterolemia should be based on the total cardiovascular risk estimated using the SCORE risk model or the Framingham risk model, rather than on blood pressure or cholesterol levels alone. 35 These models use individual biological or medical risk factors (e.g., age, blood pressure, cholesterol levels, diabetes and smoking habits) and do not take into account psychosocial factors 36, 37 . Thus, ignoring patients' psychosocial status when scoring total cardiovascular risk using traditional models could lead to the underestimation of the true cardiovascular risk for patients of low SES or depressed individuals. Where the treatment strategy relies on a total cardiovascular risk value estimated on biomedical factors, this underestimation could then result in a delay in the provision of drug therapy to these patients. 34 It has been shown that calibration of the Framingham function depended on SES. 38, 39 Results from a cohort study of 6,185 men showed that whilst cardiovascular clinical decision rules relying on overall cardiovascular risk assessment improved cardiovascular health, the use of biomedical risk functions without consideration of psychosocial status could increase health inequalities in depressive subjects and subjects with low educational attainment. In both cases, treatment would be delayed by more than four years. 38 New cardiovascular risk models including area-based measures of social deprivation and ethnicity were recently derived from populations in Scotland and the United Kingdom (ASSIGN and QRISK scores). These functions successfully adjust for the effect of SES or ethnicity but are only applicable to UK residents.
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Inequalities by Omission
In this situation, the mechanisms involved are not related to institutional processes or decision rules. Failures result from the fact that social determinants are not included in daily care procedures. As a result, a social gradient has been observed in relation to blood pressure levels under treatment. 43 Similarly, glycaemic control and the prescription of a funduscopy have been observed to be more frequent among patients with a higher level of education.
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The role of the Ambulatory System Hospital care in France was found to be provided equally to patients with an acute coronary event, regardless of their educational level, whereas ambulatory care and follow-up were not; the higher the patient's educational level, the more treatments and investigations were recorded before the acute coronary event. 44 The interaction between patients and their general practitioner (GP) is a key element in the efficiency and usage of health services. It varies depending on patient characteristics. 45 If, as the evidence suggests, the patient-physician relationship affects patients' healthcare trajectory (i.e., how they are treated and their compliance with treatments) this could lead to health inequalities that will permeate across the healthcare system.
Understanding interactions between patients and GPs is thus potentially important for optimising communication during consultations and improving health promotion, notably in the management of cardiovascular risk factors, 34 and facets of the patient-physician interaction that may generate health disparities, notably concerning the management of cardiovascular risk factors in the context of primary care. Patients' age played a significant role in the concordance between physicians and patients, and was closely related to the level of education, with older patients having the lowest level of education. 46 It is likely, therefore, that both age and level of education play a role in determining concordance between patients and GPs, whereby mutual comprehension may be affected when the patient is older and/or has a low education level.
This could potentially lead to misunderstandings between patients and GPs and, consequently, to the quality of care being compromised. Doctors perceived that they listened, examined, and gave advice less often to patients in the lowest social class compared to those in the upper social classes, and gave explanations more often to males than females. Physicians were more likely to discuss diet and exercise with high-income patients than those from a low-income group; however, they were more likely to discuss smoking with low-income patients. 47, 48 A rich international literature highlights that a patient's inclination to participate in medical decision making, notably on CVD management, varies by characteristics such as age and education, but also by sex, coping style, and severity of condition. 45, 49 Taking age and educational level into account during a consultation in general practice could improve mutual comprehension between physicians and their patients, and therefore the quality of care, particularly in relation to management of cardiovascular risk factors. Future research on how best to advise patients on nutrition and exercise could be a first step. An analysis reveals that, where patients had a low-level of education, GPs tended to evaluate patients' health more positively relative to the individual's own evaluation. Even if neither of the two assessments of health can be defined as "correct", the widening gap between the evaluations, along with the patient's lower educational level suggests that GPs potentially overestimate the health of patients with a lower level of education.
If people with a low-level of education who consider themselves in poor health are not identified as such in the primary care system, this could potentially result in lack of advice and treatment for these patients and ultimately the persistence of health inequalities. The issue of social distance between GPs and patients and its effects on communication may be an important point to be addressed when training junior doctors, especially in general medicine where they are likely to be gatekeepers to secondary healthcare.
RISK FACTORS OVER TIME: THE EFFECTS OF ACCUMULATIVE AND SEQUENTIAL RISK FACTORS
There is quite a broad consensus on the fact that what happens in the womb and during early life is crucial: persistent socioeconomic disadvantages during childhood and adolescence have been show to predict future ill health, cumulatively resulting in impairments. 50 This accumulative effect is both cross-sectional, because certain individuals may be exposed to several risk factors at a given point (related to work, home and geographical environment, for example), and longitudinal, from early infancy to adulthood. An early disadvantage in life may set an individual on a risk pathway leading to future exposure which represents the important etiological event. 51 These chains of causality may link back to causes classed as "fundamental", which we find at the origin of many diseases (such as income, level of education, economic and social policy, education policy, etc.)
DEVELOPMENTAL ORIGINS OF CVD
In the 1970s, Anders Forsdahl showed associations between infant mortality and subsequent adult mortality from arteriosclerotic disease in Norway. Forsdahl's conclusions from his analyses state that: "the correlation between living conditions and later mortality from arteriosclerotic disease is so marked that it seems justified to consider a poor standard of living in early years followed by prosperity as a potential risk factor". 50 Forsdahl's findings and the concept of critical periods in early growth are reflected in the work of Barker et al. on historical birth cohorts in the UK. The authors hypothesise that "adverse influences in childhood associated with poor living standards increase susceptibility to other influences, associated with affluence, encountered in later life". 53 Barker et al. proposed hypothesis and the subsequent studies carried out were landmark events in the epidemiological understanding of chronic diseases responsible for the main burden of disease in rich countries. Their suggestions offered an understanding of why genetic and adult risk factors did not provide sufficient explanation for CVDs. Studies looking at historical data from hospitals, as well as prospective cohort studies and natural experiments such as the Dutch famine, provided Barker et al. with evidence of associations between poor foetal nutrition and CVD, noninsulin dependent diabetes, hypertension, insulin resistance and raised cholesterol levels. 54 Hardy et al. found that men with the lowest birthweight had consistently higher mean systolic blood pressure, and that, in both men and women, those from manual social class backgrounds tended to have higher blood pressure. 55 Roberts et al. have shown that early-life socioeconomic situation (measured by parental education, occupation and home ownership) was associated with an increased risk of heart failure (HR = 1.39, 95% CI = 1.00-1.95 in a black population, and HR = 1.32, 95% CI = 1.06-1.64, in a white population). 56 In one of their studies of the Dutch famine cohort, Roseboom conducted analyses on individuals born in Amsterdam, whose data was obtained from clinical exams and interviews in adulthood. The results show associations between famine exposure in early gestation and prevalence of CHD independently of confounding factors. 57 After the abrupt end to the famine in the Netherlands, mothers who were exposed early in pregnancy were subsequently well nourished and went on to have above average sized babies. The results show that these babies tended to have a higher prevalence of CHD in adulthood. The authors thus conclude that "the transition from nutritional deprivation in early gestation to nutritional adequacy later on has led to metabolic conflicts, which in turn resulted in an increased risk of coronary heart disease". Wamala et al. conducted a case-control study of 292 women under the age of 66 with CHD and 292 controls matched by age and area. 58 The results show that both early and later exposures to socioeconomic disadvantage are associated with increased CHD risk. Later life socioeconomic disadvantage was more harmful to the women's cardiovascular health than exposure in early life. 58 The cumulative measure of lifetime socioeconomic disadvantage showed a graded increase in the risk of CHD with increasing lifetime disadvantage.
Early life exposure to Adverse Childhood Experiences (ACE), like trauma, abuse or maltreatment in childhood, has been linked to alteration of the brain structure and the neurobiological stress-response systems, which in turn have consequences for health and emotional well-being. 59 Studies have described associations between ACE and health outcomes such as ischaemic heart disease, 60 obesity, 61, 62 perceived health as well as premature mortality. In many studies, a dose-response association was observed, where an increasing number of accumulated adversities was associated with a higher risk of morbidity. These diverse points of view give very different perspectives on the causes of disease. In 2002, the greatest contributors to the disease burden in the WHO European Region were, in order of size of impact: smoking, hypertension, alcohol abuse, high cholesterol, obesity, insufficient intake of fruit and vegetables, and lack of physical exercise. But examining these fundamental causes more closely highlights neoliberal trade policies, income inequalities, poverty, workrelated risk-factors and a lack of social cohesion.
63
LIVING IN A GEOGRAPHICAL ENVIRONMENT
The British epidemiologist Geoffrey Rose introduced a double level of reflection between individuals and populations. For him, the role of epidemiology consists not only of knowing the factors that explain why a certain individual is "sick", but also the factors that explain why a certain population is "sick". 64 The study of the role of the physical and social environment, independently of the social characteristics of the individual themselves, has been stimulated by the use of multilevel models. The mechanisms by which this neighbourhood effect works are probably competitive, and variable according to the disease. Obvious direct mechanisms are those which involve the physical characteristics of the residential area and health (e.g., air pollution or road traffic noise). The physical environment may also facilitate certain health behaviours, for example the availability and price of various foods, and the ability to take physical exercise in the residential area.
The social characteristics of a neighbourhood, such as social cohesion or disruption, may play a role, but there are still only a small number of studies on these influences. A "contagion" effect is a theoretical possibility but has not yet been studied. This effect does not relate to infectious diseases, but to behaviours considered "individual", such as smoking. Lastly, the environment may be a place of social interaction that shapes people's values, expectations and habits.
Overall, recent multilevel studies have confirmed that compositional and contextual effects are major SDH. Although, in most of the studies, the same administrative boundaries were used for feasibility reasons, the relevant geographical level is not the same for different health issues and potential mechanisms. In a systematic review of 131 articles published since 2006, only four longitudinal studies were found. The environmental characteristics found to relate in a coherent way to either obesity or hypertension include geographical zones of low SES and low-levels of urban planning, with low density of road intersections, availability of services and residential population density. A high-level of noise pollution, little access to supermarkets and a high density of local convenience stores were identified, as well as low social cohesion.
According to this review, there has been very little investigation into the mechanisms which link environmental characteristics to levels of cardiovascular risk factors. 65 Several environmental studies have been conducted in the Paris region. They show a high level of hypertension in zones with a low average level of education, after individual adjustment. A high body mass index and waist circumference explain around half of this association between neighbourhood educational level and hypertension. 66 After adjustment for individual variables, body mass index and waist circumference increased with a decreasing density of services available in terms of physical activity and healthy food (fruits and vegetables). The precise mechanisms of the associations observed in these studies are still to be determined, especially since the various characteristics are all heavily intercorrelated. The services offered and the ability to walk, both for practical purposes and for leisure purposes in green spaces, are particularly closely correlated. Preliminary studies suggest also links between obesity and supermarkets visited.
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INTERACTION OF GENETICS, BIOLOGY AND SOCIAL ENVIRONMENT
A 30-year study conducted on 144 nuns and 138 controls living around a monastery in Italy 68 illustrates the societal effect and its interaction with the environment. For the nuns, almost their entire lives were spent in complete isolation and near-silence. Although urinary salt excretion in the two groups of individuals remained similar throughout the study, blood pressure in the control group increased with age, whilst that of the nuns remained constant. After 30 years, the difference in blood pressure was 30/15 mmHg. The effect of a high salt intake is therefore reduced by a life in this distinctive environment, which features lack of stress, silence and isolation from society. There are concrete arguments to suppose that the social environment alters gene expression, 69 however this approach does not resolve the great problem of social epidemiology, that of characterising social environment.
CONCLUSION
There are many social determinants of CVD. They are found largely outside the healthcare and preventative healthcare systems; but it is important to think in terms of chains of cause and effect, which enable us to see these determinants at work within the system of curative and preventative care, including in the management of traditional risk factors.
Taking a dynamic perspective on these SDH, and in particular viewing them in a biological and epidemiological context, we can see that intervention as early in life as possible is desirable in order to prevent CVD. It is important to act early, before childhood adversities in these critical periods are permanently or irrevocably recorded in the body. In terms of behaviour, focussing health education on adults runs counter to the fact that, with age, it is increasingly difficult to change our behaviour and to overcome biological damage already inflicted. 59 In an area where attention has long been focussed on individual risk factors, underlining the fact that these factors act from infancy allows us to highlight the collective influences on the development of these diseases. We must remember that atherosclerotic lesions were noted in American soldiers as young as 20 years old in the Korean War.
Reflecting on health determinants in this way suggests that perhaps we should extend Geoffrey Rose's strategy. 64 Rose, a British epidemiologist, proposed a high-risk strategy to prevention, targeted at individuals with a high-level of cardiovascular risk factor, and the population strategy, which consisted of shifting the distribution curve of these risk factors by several mmHg of blood pressure or millimoles of cholesterol, bringing minimal benefit to the individual but an appreciable gain to the population in terms of mortality.
In the light of recent works on the consequences of prevention campaigns, this population strategy may lead to an increase in social inequalities if the modest decrease in risk factors, for example in terms of nutrition, involves the population categories initially most privileged. This is why several authors have suggested extending Rose's approach using the notion of vulnerable populations, aiming to prevent damaging effects by taking into account SDH. 
